"There is no analogy to this phenomenon anywhere in the field of bacteriology" (8) . This statement by Gard concerning the sporeforming bacterium (Bacillus piliformis) which multiplies only within certain cells seems as appropriate today as 26 yr ago. Numerous reports (4, 9, 15, 19) have confirmed Tyzzer's original description (20) of a fatal enteric disease of mice, since known as Tyzzer's disease. The diagnostic feature of Tyzzer's disease is the demonstration of bundles of gram-negative, pleomorphic bacilli (B. piliformis) randomly arranged in the cytoplasm of apparently viable liver cells which border small areas of coagulation necrosis. Though unable to culture B. piliformis outside the mouse, Tyzzer demonstrated the transmissability of the disease by injecting mice with tissue suspensions prepared from liver of diseased mice and also by exposing mice to contaminated bedding which had been stored for a year at room temperature.
Naturally occurring Tyzzer's disease in a species other than the laboratory mouse was first reported by Allen, Ganaway, Moore, and Kinard (1) who described an epizootic associated with high mortality in the rabbit production colony at the National Institutes of Health. The disease has since been reported in the rhesus monkey (Macaca mulatta, reference 12), gerbil (Meriones unguiculatus, references 2, 13, 21) , and laboratory rat (Rattus norvegicus, references 10, 17) .
Cultivation of B. piliformis in cell-free media has not been successful (1, 4, 8, 15, 19, 20) . The single report of successful culture by Kanazawa and Imai (11) remains unconfirmed. Isolation in mouse embryo cell cultures was reported by Rights, Jackson, and Smadel (15) , but pathogenicity for mice was lost with the second serial passage. Craigie (4) , using the yolk sac route in embryonated eggs, isolated two strains of B. piliformis from the liver of spontaneous cases of Tyzzer's disease of laboratory mice. Typical lesions were observed in mice after parenteral inoculation with serially passaged yolk sac suspensions. The present study deals with the isolation, passage, and character of B. piliformis associated with Tyzzer's disease of rabbits (1 Transmission studies. A litter of 7-week-old rabbits was divided into two groups of four. Each rabbit of one group received by mouth 5.0 ml (via stomach tube) of 20% yolk sac suspension in PBS of the 32nd passage of B. piliformis (4 X 103 ELD,0 per rabbit) and a single intramuscular injection of cortisone (0.05 mg/g of body weight). Each rabbit of the other group received by mouth 5.0 ml of a 20% normal yolk sac suspension in PBS and a comparable single injection of cortisone. Each group was housed in separate Horsfall-type units. The rabbits were examined daily for evidence of disease. Necropsy was performed on all rabbits soon after death or when killed (chloroform) while moribund. Giemsa-stained tissue sections of liver and ileocecal junction were examined histologically. Embryonated eggs (7-day) were inoculated via the yolk sac route with rabbit liver suspensions (20% in PBS) containing 0.5 mg of chloramphenicol per ml for reisolation of B. piliformis.
RESULTS
Initial attempts to isolate B. piliformis in embryonated eggs failed repeatedly due to an overgrowth of various enteric bacteria found in the liver suspensions prepared from rabbits dead of Tyzzer's disease or from rabbits killed when clinically ill.
Successful isolation in embryonated eggs was achieved from the liver of four of seven rabbits killed on the 3rd, 4th, or 5th postexposure day when sulfaquinoxaline was added to the drinking water. (A preliminary experiment indicated that sulfaquinoxaline did not prevent the infection; when 6-week-old rabbits were given a single injection of cortisone, placed on contaminated bedding, and offered sulfaquinoxaline-treated water, they usually died of Tyzzer's disease on the 5th or 6th day postexposure). Though the rabbits appeared normal clinically, lesions of a typical but mild character were seen at necropsy. Petechial hemorrhages and edema were present in the small intestine at the ileocecal junction. Histological examination of the tissues revealed lesions of a mild enteritis, with atrophy of the villous epithelial cells, edematous ballooning of the tips of the villi, and, in one instance, patchy areas of necrosis in the glandular portion of the mucosa. Bacilli typical of B. piliformis were seen in the cells of the mucosal epithelium of four rabbits and in the muscularis mucosa of two. Neutrophils were slightly increased in number in the submucosa of the intestines having the most bacilli. Lesions of Tyzzer's disease were not seen in the livers. However, the liver cells were severely vacuolated (laden with glycogen) and had a motheaten appearance.
In each of the four instances when the bacillus was isolated, the chick embryos were found dead between the 6th and 9th post-inoculation day (PID). Bacilli were readily demonstrated within the cytoplasm of epithelial cells ofGiemsa-stained yolk sac smears. The bacilli were similar in all respects to those described in spontaneous Tyzzer's disease of mice (20) , rabbits (1), monkeys (12) , gerbils (2, 13, 21), and rats (11, 17) , and to those seen in yolk sac smears of embryonated eggs inoculated with diseased-mouse liver suspension (4). The predominant forms seen were the evenly stained filamentous rods ( Fig. 1) and spores (Fig. 2) . Monilial, beaded, banded, clubshaped, and short rod forms were also seen ( amined by aerobic and anaerobic cultural techniques. Examination of tissue sections prepared from inoculated eggs in which the embryo was dead less than 1 hr revealed scattered foci of B. piliformis in the cytoplasm of yolk sac epithelial cells (Fig. 4) and generalized infection of the embryo, including liver, skeletal muscle, kidney, heart, gut, lung, brain, and spinal cord. Though necrosis of the brain and liver was occasionally observed, the presence of B. piliformis in the varied embryonic tissues was not generally associated with lesions.
Serial passage was readily attained by inoculating eggs with yolk sac suspensions prepared from eggs in which the embryo died during the previous 18 hr (overnight). The incubation period decreased with passage, and most embryos died between the 3rd and 5th PID by the fourth passage. During the course of 35 serial passages, no change was noted in the morphological or tinctorial properties of B. piliformis or in its virulence for embryonated eggs. There was, however, a marked and unpredictable variation in the incubation period from time to time during passage. Numerous titrations were performed on passage material. Though generally falling in the range of 102-0 to 103-5 ELDw per 0.5 ml of 20% (w/v) yolk sac suspension, extremes of < 10 and> 104-. were occasionally encountered. An example of a yolk sac suspension titration resulting in high titer is shown in Fig. 5 .
The effect of dose and day of embryo death postinoculation upon recoverable infectivity was studied. Groups of 12 eggs, 7-day embryonated, were inoculated with decimal dilutions of a freshly harvested yolk sac suspension pool which titered 5 X 102.0 ELD50 per ml and was prepared from eggs in which the embryos were found dead on the 5th PID. Starting on the 4th and extending through the 8th PID, individual yolk sacs from embryos recently dead (within 4 hr) were harvested and stored at -70 C. Each yolk sac was then thawed and titered in 7-day embryonated eggs. As in previous titrations, correlation was noted between dose and survival time of the embryo (e.g., Fig. 5 ). However, no correlation was noted between the dose or day of embryo death and the quantitative recovery of B. piliformis.
To determine whether B. piliformis would continue to multiply in eggs after death of the embryo, eggs were subsequently incubated at 37, 30, or 23 C. A large number of 7-day embryonated eggs were inoculated with a 20% suspension prepared from freshly harvested yolk sacs. Embryos found dead on the 4th or 5th PID were randomly grouped and held at these temperatures. Individual yolk sacs from three eggs of each group were harvested daily for 5 days. They were stored at -70 C, then thawed, and titered in 7-day embryonated eggs. No increase in recoverable infectivity was obtained (Table 1) .
Eggs with varying aged embryos (5 through 11 day) were inoculated with 20% yolk sac suspension which had been frozen and thawed once. All appeared equally susceptible to infection as measured by day of death postinoculation and demonstration of B. piliformis in yolk sac smear preparations.
The effect of freeing B. piliformis from the host (f and g) Club-shaped and short form of bacillus. Giemsa stain. Bar = 10 ,um. .'O .I.-dead embryo was harvested and gently washed in PBS warmed to 37 C. Small bits of yolk sac epithelium were excised and pressed between a cover slip and slide. The edges were sealed with a mixture of equal parts of melted paraffin and vaseline, and the slide was examined immediately by phase microscopy (1,250 X). Slow but distinct forward and backward movement of extracellular filamentous rods was observed. In the absence of obstruction, the bacilli quickly traversed the field of vision.
Studies to determine the stability of the vegeta- tive phase of B. piliformis were hampered by the ever present resistant stage, the spore. Yolk sac suspension remained infective for embryonated eggs for 412 yr when stored at -70 C; when allowed to dry, it was infective for 2 yr at 23 C, the longest time tested. Yolk sac suspension, repeatedly subjected to freeze and thaw and containing only spores as evidenced by microscopic examination of stained smears, was infective for embryonated eggs after heating to 56 C for 1 hr but not after 80 C for 12 hr.
None of the antibacterial agents tested ( (18) , however, tested penicillin, colimycin, erythromycin, chloramphenicol, streptomycin, tetracycline, and a variety of compounds containing sulfa. They concluded that only tetracycline showed a protective and therapeutic effect upon mice experimentally infected with B. piliformnis. We found a graded effect of streptomycin, erythromycin, penicillin, and chlortetracycline and no effect of chloramphenicol or sulfamethazine in embryonated eggs. It is possible that other factors should be considered such as B. piliformis challenge dose, antibiotic concentration, the presence or absence of spores in the challenge dose, and the ability of the antibiotic to reach adequate intracellular levels.
Evidence for the motility of B. piliforn1is was first provided by Craigie (4) who studied mouse isolates in yolk sac epithelial cells by phase microscopy. Peritrichous flagella of B. piliformis were subsequently demonstrated in liver tissue of diseased mice (7) and rats (10) by electron microscopy. Our rabbit isolates appear motile by phase microscopy and, in this respect, are similar to the mouse isolates.
The taxonomic position of B. pilifornmis remains unknown. Further characterization is necessary before classification can be attempted. In addition, the relationship of the mouse, gerbil, and rabbit isloates needs to be determined. However, there is general agreement that B. piliformis is associated with a naturally occurring, often fatal, enterohepatitis of mice, rats, gerbils, rabbits, and primates; it is an obligate intracellular, gramnegative, motile bacterium which forms spores and is sensitive to certain antibiotics.
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